ABSTRACT: Background. Natural killer (NK) cells and dendritic cells (DCs) mediate tumor cell apoptosis using tumor necrosis factor superfamily ligands (TNFSFLs). This cytotoxicity is an important anticancer immune defense mechanism. Methods. We examined TNFSFL expression and apoptotic tumoricidal activity (ATA) of purified NK cells and DCs, and peripheral blood mononuclear leukocytes (PBMLs) of healthy individuals and patients with head and neck cancer (HNC) before and after cancer ablation. Results. PBMLs, NK cells and DCs, but not NK-cell/DC-depleted PBMLs, expressed multiple TNFSFLs and mediated ATA. Both TNFSFL expression and ATA were suppressed in tumor-bearing, and restored in tumor-ablated patients with (HNC) Soluble TNF superfamily receptors (solTNFSFRs) were increasingly bound by PBNLs of tumor-bearing HNC patients. Dissociation of solTNFSFR led to more pronounced increases in TNFSFL expression and ATA of PBMLs of patients with HNC than healthy individuals. Conclusion. NK-cell and DC TNFSFL expression and ATA are suppressed in patients with HNC. This suppression is tumor-dependent and possibly mediated by solTNFSFRs.
INTRODUCTION
Natural killer (NK) cells and dendritic cells (DCs) are major effector cells of the innate immune system that rapidly recognize and eliminate microbial pathogens and abnormal cells, and induce and regulate adaptive immune functions. [1] [2] [3] [4] An essential common feature of NK cells and DCs is potent tumoricidal activity. [5] [6] [7] [8] [9] Freshly isolated resting NK cells express the cell necrosis-mediating perforin in the lysosomal granules and the proapoptotic (apoptosis-mediating) transmembrane tumor necrosis factor superfamily ligands (TNFSFLs) tumor necrosis factor (TNF), lymphotoxin (LT) a1b2, and FasL on the plasma membrane. Using these functionally different cytotoxic molecules, NK cells mediate 2 distinct mechanisms of cancer cell killing, the secretory/necrotic and nonsecretory/apoptotic killing, respectively. 5, 6 In contrast to NK cells, DCs do not express the cell necrosis-inducing molecule, but express on their plasma membrane the TNFSFL TNF, LTa1b2, FasL, and TNF-related apoptosisinducing ligand (TRAIL), and mediate only nonsecretory/ apoptotic killing of cancer cells. 7, 8 The NK-cell necrotic cytotoxic mechanism is triggered by a balanced interaction of the killer cell inhibitory and activating receptors with the target cell major histocompatibility complex (MHC) class I molecules and MHC-like ligands, respectively. The ligandreceptor interactions lead to polarized secretion of NK-cell lysosomal granules and perforin release into effector-target cell contact area, insertion of perforin, and pore formation in target-cell plasma membrane. Subsequently, calcium influx, swelling, and lysis of target cells occur. The necrotic tumoricidal activity efficiently mediates lysis of only rare leukemia cell targets, 1, 5 and has a limited and selective anticancer function. The apoptotic cytotoxic mechanism is mediated by the simultaneous engagements of multiple NK-cell and DC proapoptotic plasma-membrane transmembrane TNFSFLs with the corresponding target-cell tumor necrosis factor superfamily receptors (TNFSFRs). It efficiently induces apoptosis in virtually all types of malignant cells, and likely has a broad anticancer function. Therefore, the apoptotic tumoricidal activity may represent an important anticancer immune surveillance mechanism, which impairment might be required for cancer development and progression.
blood NK cells of patients with cancer undergo spontaneous apoptosis and have low necrotic tumoricidal activity. [10] [11] [12] Similarly, DCs of tumor-bearing animals and patients display severe phenotypic and functional abnormalities, 13, 14 including immature phenotype lacking CD80 costimulatory molecule and CD83 maturation marker, as well as decreased abilities to secrete interleukin-12 and prime type-1 T-cell response. [15] [16] [17] [18] [19] [20] [21] Soluble TNFSFRs, which are capable of binding to and downregulating TNFSFLs (mediators of apoptotic tumoricidal activity), have been found to be produced at high levels by cancer cells and increased in peripheral blood of patients with cancer. 22 The increased solTNFSFRs could suppress apoptotic tumoricidal activity. However, no published information is available on the TNFSFL-mediated apoptotic tumoricidal activity and its potential downregulation in patients with cancer.
In the present study, we show that in peripheral blood of not only healthy individuals but also patients with HNC NK cells and DCs are the main immune cells that inherently express on plasma membrane multiple proapoptotic transmembrane TNFSFLs and mediate apoptotic tumoricidal activity. The expression of TNFSFLs and apoptotic tumoricidal activity are suppressed in tumor-bearing, restored in a proportion of tumor-ablated, and the suppressions correlate with clinical stages and aggressiveness of cancer in patients with HNC, indicating that these suppressions are tumor-dependent. Our data also suggest that a cause of the immune suppression could be solTNFSFRs.
MATERIALS AND METHODS

Patients with HNC and healthy individuals
Fifty-one newly diagnosed patients with HNC were enrolled in this study before anticancer therapy (Table 1) . They were 23 to 87 years old and had histologically diagnosed head and neck squamous cell carcinoma. Twenty of these patients were examined both before and 2 months after surgical ablation of cancer. These patients did not have any additional anticancer therapy during the 2-month period after surgery or before the second testing. All patients were clinically followed for 45 to 78 months (mean, 63.6; median, 64.0). Thirty-one healthy individuals, 50 to 78 years old, were recruited as controls. All the investigated subjects signed the University of Pittsburgh Review Board-approved informed consent and were fully informed about their examination.
Reagents and kits
The following reagents were used in this study: unconjugated mouse antibodies to extracellular private domains of human TNF, TRAIL (R&D Systems, Minneapolis, MN), and FasL (Caltag Laboratories, Philadelphia, PA); fluorescein isothiocyanate (FITC)-conjugated mouse monoclonal antibodies to human CD3, CD56, CD19 (BD Pharmingen, San Diego, CA), and CD14 (Caltag Laboratories); CyCrconjugated mouse antibody to human HLA-DR; Cy5 and phycoerythrin (PE)-conjugated mouse antibody to human CD56; corresponding unconjugated and conjugated nonreactive isotype control monoclonal antibodies (BD Pharmingen); biotin-conjugated goat anti-mouse immunoglobulin antibodies; PE-conjugated Streptavidin (Jackson ImmunoResearch Laboratories, West Grove, PA); and magnet-activating cell sorting human DC and NK cell isolation kits (Miltenyi Biotec, Auburn, CA).
Isolation and storage of peripheral blood mononuclear leukocytes
Peripheral blood mononuclear leukocytes (PBMLs) were isolated from 30 to 50 mL of heparinized blood of patients with HNC and healthy individuals using FicollHypaque density gradient centrifugation, suspended in a solution of 10% dimethyl sulfoxide (Fisher Scientific, Pittsburgh, PA) and 90% fetal calf serum (FCS; Life Technologies, Grand Island, NY), and stored in liquid nitrogen.
Purification of dendritic cells and natural killer cells
DCs and NK cells were purified from PBMLs as >92% pure populations of CD3
þ cells, respectively, by a 2-step method using magnet-activating cell sorting isolation kits (Miltenyi Biotec) as follows. First, PBMLs were labeled with magnetic beads coated with anti-CD304, anti-CD141, and anti-CD11c monoclonal antibodies, and positively selected using a magnetizing column. Cells retained in the magnetizing column were highly enriched DCs. Second, NK cells were purified from the remaining unlabeled cells. These cells were labeled with biotin-conjugated antibodies specific for T cells, B cells, DCs, monocytes, granulocytes and erythrocytes, and magnetic beads coated with anti-biotin antibody, and negatively selected using a magnetizing column.
Purified DCs, NK cells, and DC/NK cell-depleted PBMLs (T cells, B cells, and monocytes) were tested for purity by 2-color flow cytometry using FITC-conjugated anti-CD3, anti-CD56, anti-CD14 and anti-CD19, and CyCr-conjugated anti-MHC class II (DC panel), and FITC-conjugated anti-CD3 and PE-conjugated anti-CD56 antibodies (NK cell panel). DC/NK cell depleted PBMLs consistently contained <1% DCs or NK cells. 
Cytotoxicity assays
Perforin-mediated necrotic tumoricidal activity of NK cells was measured using the standard cell necrosis-specific 4h 51 Cr release cytotoxicity assay against K562 cell targets, as previously described.
5 TNFSFL-mediated apoptotic tumoricidal activity of NK cells and DCs was measured using the apoptosis-specific 2h methyl thiazolyl-tetrazolium (MTT) (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) and 1h [ 3 H]thymidine release assays against TNFSFL-mediated apoptotic tumoricidal activity susceptible and perforin-mediated necrotic tumoricidal activity resistant PCI-13 HNC cell targets, as previously described. 5, 7 Data are presented as lytic unit (LU) 20 ) were washed twice in ice-cold 1Â phosphate-balanced salt solution (PBS), resuspended in 200 lL of ice-cold 5Â PBS, and incubated for 10 seconds. PBMLs were immediately pelleted by 15-second centrifugation at 800 g. One hundred lL of cell-free supernatants were collected, mixed with 400 lL of distilled water, and used to quantify the released solTNFSFRs. The pelleted PBMLs were immediately resuspended and washed in 50 mL ice-cold Roswell Park Memorial Institute 1640 medium and assessed for the expression of TNFSFLs and apoptotic tumoricidal activity.
Measurement of soluble tumor necrosis factor superfamily receptors
Cell-free supernatants derived from 5Â PBS-treated PBMLs were assessed for the presence and quantity of TNFR1, TRAILR2, and Fas using specific enzyme-linked immunosorbent assay (Biosource, Sunnyvale, CA; and R&D Systems).
Flow cytometry analysis of plasma membrane-bound tumor necrosis factor superfamily ligands PBMLs (2 Â 10 6 /mL) were suspended in ice-cold florescence activated cell sorter (FACS) buffer consisting of PBS supplemented with 1% FCS and 0.1% sodium azide. One hundred lL aliquots of the cell suspension were incubated in the absence or presence of unlabeled primary anti-TNF, anti-FasL, anti-TRAIL, or isotype control antibodies on ice for 60 minutes. The cells were then washed twice in FACS buffer and incubated in the presence of the biotinylated goat anti-mouse immunoglobulin antibodies on ice for 30 minutes. The cells were washed, incubated in the presence of PE-conjugated streptavidin on ice for 30 minutes, and washed again. To demonstrate the expression of TNFSFLs on NK cells and DCs, after the labeling of TNFSFLs, PBMLs were incubated in the presence of anti-CD3-FITC and anti-CD56-Cy5, or anti-HLA-DR-CyCr and FITC-conjugated anti-CD3, anti-CD56, anti-CD19 and anti-CD14 antibodies, respectively, on ice for 30 minutes. Finally, the cells were washed twice in FACS buffer, resuspended and fixed in 1% (w/v) paraformaldehyde solution in PBS, and analyzed by flow cytometry, as previously described.
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Statistical analyses
Data were statistically evaluated using the IBM SPSS commercial program package (version 10.0; SPSS, Chicago, IL). The data are reported as individual values, means and medians, quartiles, and ranges. Statistical significances of data were assessed using unpaired and paired t tests. The results were considered significantly different when p < .05.
RESULTS
Natural killer and dendritic cells are major mediators of apoptotic tumoricidal activity in peripheral blood
We have previously discovered in peripheral blood of healthy individuals that freshly isolated resting NK cells and DCs, but not resting T cells, B cells, and monocytes, express on plasma membrane multiple TNFSFLs and mediate via these ligands apoptotic tumoricidal activity (ATA) against virtually all types of cancer cells, including cultured and freshly isolated HNC cells. [5] [6] [7] [8] [9] However, activated T cells, B cells, and monocytes also can express multiple TNFSFLs and mediate ATA (unpublished data). The activated immune cells could be present in cancer hosts. We examined whether, in peripheral blood of patients with HNC, ATA is mediated only by NK cells and DCs, or also by some other immune cells. First, we comparatively tested, in 5 independent experiments, cytotoxic activity of whole PBMLs, purified NK cells (>95% CD3 À CD56 þ ), and DCs (>92% linage marker-MHC class II þ or CD11c þ ), and NK cell and DC-depleted PBMLs (<1% of CD3 À CD56 þ and linage marker-MHC class II þ or CD11c þ ) of healthy individuals and patients with HNC using the apoptosis specific 2h MTT assay against PCI-13 HNC cell targets. We consistently found that unfractionated PBMLs ( Figure 1A ) and purified NK cells and DCs ( Figure 1B ) of both healthy individuals and tumor-bearing patients with HNC mediated significant killing of PCI-13 targets in 2h MTT assays. Purified DCs mediated 2-to 3.5-fold higher killing of tumor cells than purified NK cells ( Figure 1B) , possibly because DCs kill tumor cells via TNF, FasL, LT-a1b2, and TRAIL, while NK cells do so via TNF, FasL, and LT-a1b2. 6, 8 In sharp contrast to the significant ATA of unfractionated PBMLs and purified NK cells and DCs of both healthy individuals and patients with HNC, NK cell-and DC-depleted PBMLs did not mediate ATA ( Figure 1A ). In addition, purified NK cells and DCs mediated this activity significantly better than whole PBMLs (p ¼ .01 and p ¼ .001, respectively). These findings confirm that NK cells and DCs are potent mediators of ATA against cancer cells, and newly demonstrate that NK cells and DCs are the main mediators of this activity among PBMLs not only in healthy individuals but also in patients with HNC. We also found that ATA of purified DCs was significantly suppressed, whereas the activity of PBMLs and purified NK cells showed a trend of suppression in patients with HNC relative to healthy individuals ( Figure 1A, B) . These data indicate that NK cell-DC ATA is suppressed in patients with HNC and can be investigated using unfractionated PBMLs as effector cells.
Apoptotic tumoricidal activity of peripheral blood mononuclear leukocytes is suppressed in patients with HNC
To determine whether PBML ATA mediated by NK cells and DCs against HNC cell targets was suppressed in patients with HNC, we compared cytotoxic activities of unfractionated PBMLs of healthy individuals (group C) and newly diagnosed, primary tumor-bearing, untreated patients with HNC (group PB) in the apoptosis specific 2h MTT (n ¼ 28) and 1h [ 3 H]thymidine release (n ¼ 7) cytotoxicity assays against PCI-13 HNC cell targets, and in the cell necrosis-specific 4h 51 Cr release NK cell cytotoxicity assays (n ¼ 17) against K562 cell targets ( Figure  2 ). In the apoptosis-specific assays, PBMLs of patients with HNC were significantly less cytotoxic than PBMLs of healthy individuals ( 
Suppression of apoptotic tumoricidal activity of peripheral blood mononuclear leukocytes is cancer dependent
To assess whether the suppression of NK cell-DCmediated ATA and NK cell necrotic tumoricidal activity in patients with HNC are induced by or dependent on cancer, we tested these cytotoxic activities of PBMLs obtained from patients with HNC before (group PB), and 2 months after complete surgical ablation of cancer (group PA), and compared that with healthy individuals (group C; Figure 2 ). Using the apoptosis-specific 2h MTT ( Figure 2MTT Expression of tumor necrosis factor superfamily ligands on natural killer cells and dendritic cells is decreased in tumor-bearing and restored in tumor-ablated HNC patients Next, we investigated the mechanism of suppression of NK cell-DC-mediated ATA in patients with HNC. As NK cell-DC ATA is mediated by multiple proapoptotic transmembrane TNFSFLs 6, 8 and suppressed in tumorbearing and restored in tumor-ablated patients, we investigated whether the tumor dependent modulation of NK cell-DC TNFSFLs could be a cause of suppression of NK cell-DC-mediated ATA in patients with HNC. We Figure 3A, B) , but not TRAIL (data not shown), while DCs expressed TNF, TRAIL, and FasL ( Figure 3C-E) . In contrast, the rest of the PBMLs did not express detectable TNFSFLs. These findings confirm in healthy individuals 6, 8 and newly shown in patients with HNC that, among PBMLs, NK cells and DCs are the main cells expressing these 3 TNFSFLs. In addition, we found indications that the expression levels of TNF and FasL on NK cells, and TNF, TRAIL, and FasL on DCs were decreased in tumorbearing patients with HNC ( Figure 3A-E) .
Subsequently, we sought to demonstrate that the expression of TNFSFLs on PBMLs is suppressed in patients with HNC and the suppression is tumor dependent. Because, among freshly isolated PBMLs of both healthy individuals and patients with HNC, NK cells and DCs are the main cells expressing multiple TNFSFLs, a simple and highly sensitive single-color flow cytometry of PBMLs was further used to measure the expression and changes of NK cell-DC TNFSFLs. We examined the expression of TNF, TRAIL, and FasL on PBMLs of 13 healthy individuals (average percent: NK cells ¼ 8.9, DCs ¼ 3.3) and 13 patients with HNC before (average percent: NK cells ¼ 10.2, DCs ¼ 2.7) and 12 of these patients after (average percent: NK cells ¼ 9.4, DCs ¼ 4.4) surgical ablation of primary tumors. We found that a small fraction of PBMLs expressed all 3 TNFSFLs, and that the expressions of ligands were substantial in healthy individuals, decreased in tumor-bearing patients, and restored in tumor-ablated patients with HNC to the levels of healthy individuals ( Figure 3F-H) . The expressions of TNF and FasL were significantly decreased, and the expression of TRAIL showed a trend of decrease in tumor-bearing patients with HNC relative to healthy individuals ( Figure 4I ; TNF:10/13; p ¼ .019; FasL: 11/13; p ¼ .0013; and TRAIL: 7/13). In sharp contrast, the expression of FasL was significantly increased (9/12; p ¼ .041), and the expressions of TNF and TRAIL showed trends of increases (7/12 and 6/12, respectively) in patients with HNC after surgical ablation of cancer ( Figure 3J ). These findings show that the expression of ATA-mediating proapoptotic TNFSFLs on plasma membrane of NK cells and DCs is suppressed in patients with HNC and the suppression is tumor dependent.
Soluble tumor necrosis factor superfamily receptors downregulate expression of tumor necrosis factor superfamily ligands and apoptotic tumoricidal activity of peripheral blood mononuclear leukocytes more prominently in patients with HNC than in healthy individuals Soluble TNFSFRs (solTNFSFRs) are considered to be important regulators of TNFSFLs. They can bind to and downregulate TNFSFLs. 22 This is supported by our previous findings that recombinant soluble TNFR1, Fas, and/or TRAILR2 efficiently inhibit ATA of human peripheral blood NK cells and DCs. 6, 8 Although TNFSFRs are produced as transmembrane molecules, they can also be released as soluble molecules by a process termed "ectodomain shedding.'' 23 Both normal and cancer cells produce both transmembrane and solTNFSFRs. However, cancer cells produce larger quantities 23 and growing tumors are increasing sources of solTNFSFRs and their potential TNFSFL downregulating activity in cancer hosts. The experimental evidences supporting the notion of the physiological and pathophysiological regulation of TNFSFLs by their soluble receptors are largely missing. Here, we attempted to obtain supports for the role of naturally produced solTNFSFRs in physiological and cancer-dependent regulations of TNFSFLs. Plasma levels of solTNFSFRs have been found to be relatively high in healthy individuals, and enhanced in a tumor-dependent fashion in cancer hosts. [24] [25] [26] [27] , unpublished data Plasma solTNFSFRs could bind to and regulate NK cell-DC proapoptotic transmembrane TNFSFLs in a concentration-dependent fashion. Therefore, we examined whether PBMLs of healthy individuals and patients with HNC bound pertinently different quantities of solTNFSFRs, and whether the bound solTNFSFRs appropriately modulated the expression of TNFSFLs on plasma membrane and ATA of PBMLs. We found that, after their treatment with hypertonic PBS, PBMLs of both healthy individuals and tumor-bearing patients with HNC released significant amounts of soluble TNFR1 (range, 86-438 pg/5 Â Suppressions of apoptotic tumoricidal activity and expression of tumor necrosis factor superfamily ligands of peripheral blood mononuclear leukocytes are associated with cancer burden and likelihood of recurrence Our findings of the tumor-dependent suppression of PBML ATA and TNFSFL expression in patients with HNC suggest that these suppressions could reflect cancer burden and aggressiveness and could be predictive of cancer outcome. We tested this possibility by correlating PBML ATA and TNFSFL expression with clinical stages (primary tumor size and lymph node metastases) and cancer recurrence in patients with HNC ( Figure 5A-D) . We also correlated PBML-mediated ATA of patients with HNC before surgical ablation of primary tumors with cancer-caused death (dead of disease) and survival without clinical evidence of disease (no evidence of disease; Figure 5E) . A trend of increased suppression of PBML ATA ( Figure 5A ) and a significantly increased suppression of TNFSFL expression (p ¼ .043; Figure 5B ) were observed in tumor-bearing patients with HNC having large (T2-T4) primary tumors relative to those having small (T1) primary tumors. Similarly, a significantly increased suppression of PBML ATA ( Figure 5A ; p ¼ .009) and a trend of increased suppression of TNFSFL expression ( Figure 5B ) were found in tumor-bearing patients with HNC having lymph node metastases relative to those without lymph node metastases. Patients with HNC who developed recurrences had a significantly increased suppression of PBML TNFSFL expression before ( Figure 5C ; p ¼ .002) and a trend of increased PBML ATA suppression after ( Figure 5D ) surgical ablation of primary tumors relative to patients with HNC who did not develop recurrence. In addition, PBML-mediated ATA before surgical ablation of primary tumors showed a trend of increased suppression in patients with HNC who ultimately died of cancer relative to those who survived cancer-free ( Figure 5E ). These findings suggest that NK cell-DC ATA and TNFSFL expression in patients with HNC could be biologically significant and potentially clinically relevant.
DISCUSSION
We have previously defined a robust innate anticancer cytotoxic mechanism mediated by healthy individual peripheral blood NK cells and DCs via multiple transmembrane TNFSFLs. [5] [6] [7] [8] [9] The cytotoxic activity has been defined and measured by several cell apoptosis-specific assays, including: (1) 2h MTT, DiOC 6 or rhodamine 123 staining of mitochondria; (2) 1h [ 3 H]thymidine release, terminal deoxynucleotidyl transferase dUTP nick end labeling, or DNA laddering of the fragmented DNA; (3) transmission electron microscopy; (4) annexin V binding to the plasma membrane externalized phosphatidylserine; (5) nuclear matrix protein (NlMA) release; and (6) caspase activation assessment. In sharp contrast, the cytotoxic mechanism could not be detected by the cell necrosis specific assays 4h 51 Cr release or propidium iodide staining. 5, 7 The cytotoxic mechanism has been therefore considered as apoptotic. It induces efficiently (in low effector to target cell ratios) high levels of cell deaths in large variety of cancer cell types, including HNC cultured and fresh tumor cells, and in normal proliferating vasculature endothelial cells, but not in other normal cells. 5, 7 Therefore, this tumoricidal activity seems to be an essential anticancer defense mechanism, which might be capable of effectively protecting organisms from cancer development and growth. Our previous studies have also demonstrated that healthy individual freshly isolated peripheral blood resting T cells, B cells, and monocytes do not mediate this cytotoxic mechanism. 5 The present study shows that, in peripheral blood of not only healthy individuals but also of patients with HNC, this cytotoxic mechanism is mediated by NK cells and DCs, but not by other PBMLs such as resting T cells, B cells, and monocytes; and is suppressed in patients with HNC in a cancer-dependent manner. The suppression of the anticancer cytotoxic mechanism is enhanced in patients with HNC with the advanced disease and aggressive cancer, capable of recurrence, and causing death. The study also provides indications that this immunosuppression could be mediated by increased binding of solTNFSFRs to NK cell and DC transmembrane TNFSFLs.
The conventional NK cell necrotic tumoricidal activity represents another potent anticancer innate immune function and a significant part of the anticancer immune surveillance mechanism. 1, [28] [29] [30] However, the necrotic tumoricidal activity has relatively low efficiency and is capable of killing only rare leukemia cell types. Therefore, it could only protect against rare hematological malignancies. As transmembrane TNFSFL-mediated ATA kills a wide range of both solid tumor and leukemia cell types with a high efficiency, it is likely the major anticancer immunosurveillance mechanism that protects against most malignancies.
5,7
Our present study indicates that not only transmembrane TNFSFL-mediated NK cell-DC ATA, but also perforin-mediated NK cell necrotic tumoricidal activity are suppressed in patients with cancer. However, although the suppression of ATA seems to be cancer-dependent and induced by growing cancer and/or related changes in cancer host, the suppression of necrotic tumoricidal activity seems to be cancer-independent and, perhaps, constitutive or induced by environmental factors such as smoking, alcohol consumption, and human papillomavirus infection, to which patients with HNC are commonly exposed.
The immune system in general, and NK cells and DCs in particular, are suppressed in cancer hosts. [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] The cancer-related immunosuppression is probably an important mechanism of cancer escape from immune surveillance. Multiple mechanisms of the immunosuppression have been defined. [31] [32] [33] [34] [35] Cancer cells and normal cells also produce solTNFSFRs, which can bind to and mask the expression and block the activity of TNFSFLs. 23, 36 Here, we provide the indications that this immunoregulatory mechanism could be operative in both healthy individuals and patients with HNC and could be enhanced in patients with HNC. Due to different quantities of solTNFSFRs in peripheral blood of healthy individuals and cancer hosts, the mechanism could differently downregulate transmembrane TNFSFL-mediated NK cell-DC ATA, and prevent damage of normal cells and enable cancer escape from immune control, respectively. This is supported by findings that soluble TNFR1, TRAILR2, and/or Fas are present at substantial and increased concentrations in peripheral blood plasma 24-27, unpublished data and in association with PBMLs of healthy individuals and tumor-bearing patients with HNC, respectively. In addition, NK cell-DC ATA and transmembrane TNFSFL expression are decreased in tumor-bearing patients with HNC and restored to the levels of healthy individuals by dissociation of solTNFSFRs from PBML plasma membrane.
Generation of solTNFSFRs is mediated by the enzymatic cleavage of transmembrane TNFSFRs via sheddase activity of ectoenzymes such as tumor necrosis factor-alpha converting enzyme (TACE). 36 It is well known that TACE cleaves transmembrane TNFR1 and TNFR2 and produces their soluble forms. 23, 36 Similar mechanisms mediate the production of soluble TRAILR2 and Fas. 22 Cancer cells have increased TACE sheddase activity and consequently produce increased amounts of solTNFSFR leading to increases of solTNFSFR levels in peripheral blood of cancer hosts 23, [24] [25] [26] [27] (data not shown). Therefore, the increased levels of solTNFSFRs in the blood plasma and in association with PBMLs of cancer hosts, and resulting cancer-dependent suppressions of NK cell-DC expression of transmembrane TNFSFLs and their ATA might be caused by the increased sheddase activity of TACE and probably some other similar enzymes in cancer cells, and consequently increased release of solTNFSFRs.
Our findings of the association of PBML suppressions of transmembrane TNFSFL expression and ATA with cancer burden and recurrence in patients with HNC indicate the potential biologic and clinical relevance of the tumor-induced immunosuppression. These findings parallel our recently published findings that the increase in TACE sheddase activity in cancer tissues of patients with HNC is associated with cancer burden and recurrence too. 23 This further supports the possibility that increased sheddase activity of TACE and perhaps some other similar enzymes in cancer tissues could be the cause of the increased release of solTNFSFRs by tumor tissues and subsequently of the increased immunosuppression mediated by solTNFSFRs in patients with HNC.
In conclusion, we demonstrate for the first time that transmembrane TNFSFL-mediated NK cell-DC ATA is suppressed in patients with HNC in a cancer-dependent manner. We also provide indications that this suppression could be mediated by solTNFSFRs, which are increased in the plasma of patients with cancer. The presented findings and considerations indicate potential biologic and clinical relevance of transmembrane TNFSFL-mediated ATA and its solTNFSFR-mediated regulation, and they further support the possibility that this innate function is an important anticancer immune surveillance mechanism.
